In this article, a new intelligent search evolution algorithm (ISEA) is proposed to minimize the generator fuel cost in optimal power flow (OPF) control with multi-line flexible alternating current transmission systems (FACTS) device which is interline power flow controller (IPFC). Unlike the OPF solution methods existing in the literature, in the proposed algorithm, a two step initialization process have been adopted which eliminates the mutation operation and also it gives optimal solution with less number of generations. The proposed algorithm has been examined and tested on a standard IEEE-30 bus system without and with IPFC. The test results indicate that the proposed algorithm with IPFC can obtain better solution than without IPFC.
Introduction
In recent years, with ever-increasing demand for electricity, the power transfer grows, the power system becomes increasingly more complex to operate and the system can become less secure for riding through the major outages. The electric companies are looking for ways to maximize the utilization of their existing transmission systems, therefore controlling the power flow in the transmission lines. There are emerging technologies available, which can help electric companies to deal with above problems. One of such technologies is FACTS device which is a recent development in high power electronics technology [1] [2] [3] .
The interline power flow controller (IPFC) is a new member of FACTS controllers. Like the static synchronous compensator (STATCOM), static synchronous series compensator (SSSC) and unified power flow controller (UPFC), the IPFC also employs the voltage sourced converter as a basic building block. The UPFC and IPFC consists at least two converters. It is found that, in the past, much effort has been made in the modeling of the UPFC for power flow analysis [4] [5] [6] [7] . However, UPFC aims to compensate a single transmission line, whereas the IPFC is conceived for the compensation and power flow management of multi-line transmission system. Further, it has been shown that the power injection model (PIM) of FACTS devices is a powerful model than other models [8, 9] .
Ref. [10] presents a hybrid tabu search and simulated annealing approach to minimize the generator fuel cost in optimal power flow control with two types of FACTS devices namely, thyristor controlled series capacitor (TCSC) and thyristor controlled phase shifter (TCPS). A new optimal reactive power flow method is proposed to minimize the losses and to obtain best voltage profiles with unified power flow controller and also the fuzzy formulation of the problem is solved using an EP algorithm [11] . The optimal power flow problem with an explicit modeling of static var compensator (SVC) and unified power flow controller (UPFC) is presented for longitudinal systems [12] . Ref. [13] proposes a thyristor controlled series capacitor (TCSC) firing angle model for optimal power flow solution using Newton's method. [14] Illustrates the use of evolutionary strategies to obtain the optimal values of control variables for the FACTS located power system.
A differential evolution algorithm to minimize the generator fuel cost in optimal power flow control with thyristor controlled series capacitor (TCSC) and thyristor controlled phase shifter (TCPS) has been presented [15] . A study of the implementation of the new load flow equations format in an optimal power flow program with UPFC based on extended conic quadratic (ECQ) format has been reported [16] . A multi objective non-linear optimization problem for secure bilateral transaction determination using AC distribution factors with UPFC in hybrid electricity markets have been discussed [17] . An efficient parallel GA for the solution of large-scale OPF problem with shunt FACTS devices has been presented [18] . Careful study of the former literature reveals that there is a single step initialization process along with mutation operation and single line FACTS device. But, in the proposed algorithm the initialization is done in two steps so that the mutation operation is not required and also it gives better solution with less number of generations. Further, a multi-line FACTS device which is IPFC has been used in this paper. The feasibility of the proposed algorithm is demonstrated for a standard IEEE-30 bus system without and with IPFC. The obtained OPF results are compared without and with IPFC. The results reveal that best solution obtained by the proposed algorithm with IPFC is quite encouraging and useful in optimal power flow environment. The rest of the paper is organized as follows: Section 2 explains the operating principle and power injection model of IPFC. Section 3 illustrates optimal power flow problem formulation with IPFC. Section 4 describes the proposed algorithm. Section 5 gives overall solution procedure. The effectiveness of proposed algorithm for optimal power flow solution through numerical example is presented in section 6 and finally, conclusions are given in section 7. 
Multi-Line FACTS

B. Power Injection Model of IPFC
In this section, a mathematical model for IPFC which will be referred to as power injection model is derived. This model is useful to study the impact of the IPFC on the power system network and can easily be incorporated in the power flow algorithm. Usually, in the steady state analysis of power systems, the VSC may be represented as a synchronous voltage source injecting an almost sinusoidal voltage with controllable magnitude and angle. Based on this, the equivalent circuit of IPFC is shown in Figure 2 .
In 
After simplification, the active power and reactive power injections at i th bus are
The complex power injected at n th bus (n=j,k) is
Substitute (1) in (6) 
After simplification, the active power and reactive power injections at n th bus are
A New Approach for Optimal Power Flow Solution Based on Two Step
Based on (4), (5), (8) , and (9), power injection model of IPFC can be seen as three dependent power injections at buses i, j and k as shown in Figure3. As IPFC neither absorbs nor injects active power with respect to the ac system, the active power exchange between the converters via the dc link is zero, i.e.
Where the superscript * denotes the conjugate of a complex number. If the resistances of series transformers are neglected, (10) can be written as
Formulation of the OPF Problem with IPFC
In this article, minimization of fuel cost is considered as an objective function to examine the performance of the proposed algorithm without and with IPFC. The optimal solution must satisfy all the equality and inequality constraints. The OPF problem with IPFC is expressed as follows:
Subject to: 
Intelligent Search Evolution Algorithm (ISEA)
The intelligent search evolution algorithm tries to approach the target in an optimal manner for finding the optimal or near optimal solution to any mathematical optimization problem. The initial population is randomly generated with the control parameter limits in two steps. Then, the evolutionary operators like crossover or recombination and selection are performed to all individuals until a stopping criterion is reached. The major stages of the proposed algorithm are briefly described as follows:
A. Two Step Initialization
The population is generated by using the following equation In this article, a two step initialization process is adopted. The two step initialization process provides better probability of detecting an optimal solution to the power flow equations that would globally minimize a given objective function. In the first step, initial population is
New population for evolutionary operations
Best strings corresponding to minimum cost
Initial population satisfying all constraints
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Step 1
Step 2 Figure 4 . Two step initialization process of proposed method Village-1= Village-nv= generated as a multi-dimensional vector of size (ps × ncv) and it is considered as a village. All the control variables in the village must satisfy the constraints. Evaluate the value of cost function for each string in the village. Select the best string from the village corresponding to minimum cost. Repeat the procedure for number of villages (nv). In the second step, combine all the best strings from each village to form multi-dimensional vector [ ] X of size (nv ×ncv) and this new population is used for evolutionary operations. For clear reference, the two step initialization process is shown in Figure4. The superscript in Figure4 represents village number.
B. Recombination
In this study, an efficient recombination operator has been used so that search along variables is also possible. If 
C. Selection
For the present work, sorting and ranking selection procedure is used.
D. Stopping Criteria
In the current work, the number of generations reaches the given maximum number of generations is used as stopping criteria.
Intelligent Search Evolution Algorithm for OPF with IPFC
The proposed algorithm procedure for OPF with IPFC is described as follows:
Step 1: Read the system data and IPFC data. Choose population size, number of villages and maximum number of generations.
Step 2: Generate a string corresponding to number of control variables using equation (22).
Step 3: Run the Newton-Raphson load flow and check all the constraints.
Step 4: If all the constraints are satisfied, find the cost .Then, store the cost and corresponding string. Otherwise, reject the string.
Step 5: Repeat steps 2 to 4 for number of villages. Store the minimum cost and corresponding string from each village to form new population as shown in Figure4.
Step 6: Perform recombination operation on new population using equation (23).
Step 7: Run the Newton-Raphson load flow and check all the constraints.
Step 8: If all the constraints are satisfied, find the cost .Then, store the cost and corresponding string. Otherwise, reject the string.
Step 9: Stop the process, if the maximum number of generations is reached. Otherwise, go to step 6.
Results and Discussions
In this section, a standard IEEE 30-bus system [21] has been considered to demonstrate the effectiveness and robustness of ISEA (proposed algorithm) without and with IPFC. In 30-bus test system, bus 1 is considered as slack bus, while bus 2,3,5,8,11 and 13 are taken as generator buses and other buses are load buses. A MATLAB program is implemented for the test system on a personal computer with Intel Pentium dual core 1.73 GHz processor and 512 MB RAM. Five runs have been performed for the test system. The optimal solution results over these five runs have been tabulated. The input parameters of ISEA for the test system are given in Table  1 . Initially, the optimal power flow solution i.e. active power generation, transformer tap settings, injected MVAR, cost and power loss for IEEE 30-bus system are calculated using proposed method without IPFC. Next, for the same system the optimal power flow solution is obtained using proposed method with IPFC. The one converter of IPFC is embedded in a line between the buses 27-30 which is considered as 1 st line and the other converter of IPFC is placed in a line between the buses 29-30 which is considered as 2 nd line and bus 30 is selected as common bus for two converters. The active power generation, transformer tap settings, injected MVAR, cost and power loss for test system without and with IPFC is shown in Table  2 . The bus voltages for test system without and with IPFC are shown in Table 3 . IPFC parameters obtained for test system are given in Table 4 . Figure 5 . Convergence characteristics of IEEE 30 bus system using ISEA without IPFC.
From Table 2 , it can be seen that total active power generation required and power loss has been reduced because of IPFC. Further, it is observed that there is a significant reduction in the cost because of IPFC. From Table 3 , it is clear that the voltage profiles has been improved for most of buses because of IPFC and also the voltage at bus 30 is increased which is a common bus for two converters of IPFC.
A. V. Naresh Babu and S. Sivanagaraju In addition, the cost as a function of iterations for test system using proposed algorithm without and with IPFC is shown in Figure5 and Figure6 respectively. Further, the comparison of convergence characteristics without and with IPFC is shown in Figure7. From these, it can be seen that, as the number of iterations increase, the cost decreases and it is nearly constant above 6 iterations with out and with IPFC, which indicates that the number of iterations required for the proposed method is less. 
Conclusion
In this paper, an intelligent search evolution algorithm has been proposed to solve optimal power flow problem in the presence of interline power flow controller. The proposed method employs a two step initialization process and there is no need of mutation operation. The results demonstrate the effectiveness and robustness of the proposed method with interline power flow controller. The results obtained for test system using the proposed method without and with IPFC are compared and observations reveal that the generation cost is less with IPFC. Also, it is clear that the proposed method gives optimal solution with less number of generations which results in less computation time.
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